Stabilizing basic fibroblast growth factor using protein engineering.
Using site directed mutagenesis, each of the four cysteines present at amino acid residues 26, 70, 88, and 93 of the mature protein of human basic fibroblast growth factor (bFGF) was individually changed to serine. The biological activity and heparin binding ability was retained when the serine was substituted for the cysteine residue at either 70 or 88 of the bFGF protein. This finding indicates that the cysteines at these positions are not essential for expressing biological activity. The substitution of the residues at these positions, especially at position 88, reduced the heterogeneity recognized as several peaks of bFGF eluted from a heparin affinity column, even after oxidation with hydrogen peroxide, suggesting that the cysteines at these positions are exposed to the surface of the molecule to form disulfide bonds that induce heterologous conformations. Furthermore, under acidic conditions, these modified bFGFs are revealed to be more stable in maintaining their activity. These facts suggest that this protein has been successfully modified by protein engineering.